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Abstract. Gamma-ray is a good probe of dark matter (DM) particles in the Universe. We
search for the DM annihilation signals in the direction of the Andromeda galaxy (M31) using
7.5 year Fermi-LAT pass 8 data. Similar to Pshirkov et al. (2016), we find that there is
residual excess emission from the direction of M31 if only the galactic disk as traced by
the far infrared emission is considered. Adding a point-like source will improve the fitting
effectively, although additional slight improvements can be found if an extended component
such as a uniform disk or two bubbles is added instead. Taking the far infrared disk plus a
point source as the background model, we search for the DM annihilation signals in the data.
We find that there is strong degeneracy between the emission from the galaxy and that from
10s GeV mass DM annihilation in the main halo with quark final state. However, the required
DM annihilation cross section is about 10−25−10−24 cm3s−1, orders of magnitude larger than
the constraints from observations of dwarf spheroidal galaxies, indicating a non-DM origin
of the emission. If DM subhalos are taken into account, the degeneracy is broken. When
considering the enhancement from DM subhalos, the constraints on DM model parameters
are comparable to (or slightly weaker than) those from the population of dwarf spheroidal
galaxies. We also discuss the inverse Compton scattering component from DM annihilation
induced electrons/positrons. For the first time we include an energy dependent template
of the inverse Compton emission (i.e., a template cube) in the data analysis to take into
account the effect of diffusion of charged particles. We find a significant improvement of the
constraints in the high mass range of DM particles after considering the inverse Compton
emission.
Keywords: dark matter, gamma ray, M31
ArXiv ePrint: 1312.7609
1For correspondence.
Contents
1 Introduction 1
2 Gamma ray flux from DM annihilation in M31 2
2.1 DM density profile 2
2.2 Substructures 3
3 Data analysis 5
4 Constraints on DM annihilation models 7
4.1 Prompt radiation only 7
4.2 Including ICS emission 10
5 Conclusion and discussion 12
1 Introduction
It has been over 80 years since the first discovery of dark matter (DM) by F. Zwicky in the
1930s [1], but the particle nature of DM remains one of the biggest unsolved problems of
physics. Many astronomical observations show that the majority of DM should be made
of non-baryonic, non-luminous, and cold matter. The most popular candidate is a weakly
interacting massive particle (WIMP), which could just produce the right relic density of
DM assuming thermal freezing out of DM particles in the early Universe. Widely discussed
candidates include the lightest particle in the supersymmetric extension of the standard
model (SM) or the universal extra dimention theory [2–4]. Self-annihilation or decay of
WIMPs into SM particles can produce charged particles and γ-rays with signatures different
from the ordinary astrophysical background, which may be detectable in the cosmic ray or
multi-wavelength electromagnetic observations [5–7].
The Fermi Large Area Telescope (Fermi-LAT) [8], launched in 2008, is up to now the
most sensitive detector for GeV γ-rays. It significantly improves the sensitivity of the search-
ing for DM particles in space. Many targets have been studied thoroughly to search for DM
signals based on the Fermi-LAT data, including the Milky Way dwarf galaxies [9–15], clusters
of galaxies [16–21], the center and halo of the Milky Way [22–28], the globular clusters [29]
and so on. Also there were efforts to search for the monochromatic line emission from the
Fermi-LAT data [30–35]. Some tentative candidates of DM signals were reported from the
γ-ray data of the Galactic center region [23, 24] and a few ultra-faint dwarf galaxies [36, 37].
However, no consistent and conclusive evidence of DM signals can be established yet. Effec-
tive constraints on the DM model parameters can be set according to the non-detection of
DM signals.
As the nearest (with a distance of 785±25 kpc [38]) large galaxy, the Andromeda galaxy
(M31) is also a potentially good target for DM searches [16, 39–41]. The location of M31 is
away from the Galactic plane (b ≈ −22◦) which will be less polluted by the strong Galactic
foreground emission. Although it is relatively faint, M31 has been detected at γ-ray band by
the Fermi-LAT [42–44]. Its γ-ray spectrum and luminosity are consistent with predictions
from cosmic ray collisions with the interstellar medium (ISM), just as those established for
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the Milky Way. Taking the detected flux as the upper limit on the DM induced γ-ray emission
from M31, conservative limits on the DM annihilation cross section or decay lifetime were
derived [16, 42].
In this work, we use the 7.5 year data of the Fermi-LAT to improve the sensitivity of
searches for DM annihilation signal in M31. The prediction of DM annihilation induced γ-
ray flux depends on the detailed structure of the DM distribution. Currently the knowledge
about the DM distribution, especially at small scales, largely relies on numerical simulations
[45–48]. High-resolution numerical simulations show that a large population of subhalos
which could extend down to very low masses exist in the main DM halo [47–49]. It was
pointed out that subhalos will alter the spatial extension of the DM induced γ-ray signals
and affect the search strategy of DM particles [50]. Therefore we will discuss different spatial
distributions of the M31 halo as well as the subhalo population in this work. The spatial
templates of DM annihilation induced γ-rays are built and implemented in the likelihood
analysis of the Fermi-LAT data. Typical annihilation channels to a pair of b quarks, gauge
bosons, or charged leptons will be discussed. We will also discuss the inverse Compton
scattering (ICS) component from DM annihilation induced electrons/positrons. And for the
first time we will include an energy dependent template of the ICS emission (i.e., a template
cube) in the data analysis to take the effect of diffusion of charged particles into account.
2 Gamma ray flux from DM annihilation in M31
Assuming the DM particles are Majorana fermions, the γ-ray flux from DM annihilation as
a function of energy E and direction θ can be written as
dΦ
dEdΩ
(θ,E) =W (E)× J(θ) = 〈σv〉
2m2χ
dNγ
dE
× 1
4pi
∫
l.o.s
ds ρ2DM(r(s)). (2.1)
where the integral is computed along the line of sight (l.o.s.), W (E) and J(θ) represent the
energy and spatial dependent parts, mχ is the mass of the DM particle, 〈σv〉 is the velocity
weighted average pair annihilation cross section, dNγ/dE is the energy spectrum of γ-rays
for one annihilation which is computed with the Pythia simulation code [51], and ρDM(r)
denotes the DM density distribution.
2.1 DM density profile
The expected γ-ray signal depends crucially on the DM density profile ρDM(r) of the halo.
The universal density profile suggested by Navarro, Frenk and White (hereafter NFW) found
in numerical simulations [46] is widely adopted to describe the DM density distribution in
the main galactic halo
ρNFW(r) =
ρs
(r/rs)(1 + r/rs)2
, (2.2)
where r is the radial distance from the halo center, ρs and rs are the density normalization
and scale radius respectively.
With even higher resolution of numerical simulations, the asymptotic flat Einasto (EIN)
profile [52] is shown to better fit the simulation results at the central part [53, 54], which
reads
ρEIN(r) = ρs · exp
[
− 2
α
((
r
rs
)α
− 1
)]
. (2.3)
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We should keep in mind that the density profile may have uncertainties if we extrapolate
the simulation results down to very small scales. Furthermore, the above profiles were derived
based on the pure DM simulations. The DM density profile may get changed when the effect
of baryons are taken into account [55]. Therefore we also discuss the isothermal (ISO) density
profile as a conservative example. The isothermal density profile is given by [56]
ρISO(r) =
ρs
1 + (r/rs)2
. (2.4)
The measured virial mass of M31 ranges from 0.7 × 1012 to 2.1 × 1012 M⊙ [57–62]. In
this work we assume the virial mass of M31 is Mvir ≈ 1.0 × 1012 M⊙ with a virial radius
of rvir ≈ 205 kpc. These values are similar with that of our Milky Way [63]. Therefore we
adopt similar profile parameters for M31 as that of the Milky Way halo. The parameters are
shown in Table 1 [45, 64, 65]. Note that the normalization ρs is derived through normalizing
the total mass to Mvir.
halo model rs (kpc) ρs (GeV/cm
3)
NFW 20 0.26
EIN 20 0.06
ISO 5 0.46
Table 1. Parameters of different density profiles of M31.
2.2 Substructures
Abundant subhalos are expected to form based on the structure formation scenario of cold
DM particles. Since the DM annihilation rate depends on the density square of DM, the
existence of subhalos can boost the annihilation signal considerably with respect to the
signal from the main halo. Also the spatial distribution of subhalos differ significantly from
that of the main halo [50]. Here we adopt the extracted subhalo distribution from the high
resolution simulation Phoenix [50]. Extrapolating the mass of subhalos to a minimum mass
of ∼ 10−6M⊙, the boost factor of the DM annihilation from subhalos is [50]
b(Mvir) = Lsub/Lmain = 1.6× 10−3(Mvir/M⊙)0.39, (2.5)
which is about 76.6 for a virial mass of Mvir = 10
12 M⊙. The angular distribution of the
annihilation J-factor of subhalos within the virial radius is
Jsub(θ) =
b(Mvir)Lmain
4pid2
× f(θ)
=
b(Mvir)Lmain
4pid2
× 16d
2
pi ln 17 r2
vir
1
1 + (4d sin θ/rvir)2
, (2.6)
where d is the distance of the halo center to the Earth, Lmain =
∫
main
ρ2
DM
dV is the total
annihilation luminosity of the main halo.
Here we assume a “smooth” distribution of subhalos in the main halo. Such an approx-
imation is acceptable considering the finite spatial resolution of γ-ray detectors. Considering
the maximum subhalo with a mass of ∼ 1010 M⊙, its virial radius is about 40 kpc. For an
NFW density profile, most of the DM annihilation occurs within a few percent of the virial
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Figure 1. The astrophysical factor J of the DM annihilation in the main halo and subhalos. The
NFW profile of the main halo is assumed. The top-left panel shows the 1-dimensional distribution,
and the others are 2-dimensional skymaps in a 14◦ × 14◦ region centered on M31 of the main halo
(top-right), subhalos (bottom-left) and the sum (bottom-right).
radius [48], which corresponds to an angular radius of . 0◦.1 for a distance of ∼ 800 kpc.
Given the best resolution angle of the Fermi-LAT is about 0◦.1 [8] and most of the photons
from the direction of M31 have energies below ∼ 10 GeV, even the brightest subhalo in M31
is nearly unresolvable by the Fermi-LAT. Therefore it is reasonable to assume a “smooth”
distribution of all subhalos.
The total J-factor is thus the sum of the two components: Jtot(θ) = Jmain(θ)+ Jsub(θ).
Figure 1 shows the 1-dimensional (top-left panel) and 2-dimensional distributions of Jmain
(top-right), Jsub (bottom-left) and Jtot (bottom-right). The results show that the γ-ray flux
from the main halo is highly concentrated, while the subhalo contribution is much flatter.
These sky distributions will be used as spatial templates for the analysis of the Fermi-LAT
data in the following.
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3 Data analysis
The detection of γ-ray emission from M31 was reported in Ref. [42]. The γ-ray emission
slightly favors (at 1.8σ confidence level) a spatially extended source coincident with the 100
µm far infrared image of the Improved Reprocessing of the IRAS Survey (IRIS) [66]. The
best fitting spectral index is Γ ≈ 2.1 for an extended template, and Γ ≈ 2.5 for a point source
assumption, respectively. Slightly different values were reported in Refs. [43, 44], probably
due to different energy cuts of those analyses.
The data used in our analysis are the Pass 8 events with “SOURCE” event class of the
Fermi-LAT data1 recorded between 4 Aug 2008 and 1 Feb 2016. We select the events with
energies between 200 MeV and 500 GeV, and apply the zenith angle cut θ < 100◦ to suppress
the contribution from the Earth limb. We further select events when the satellite’s rocking
angle is less than 52◦. The radius of the region-of-interest (ROI) is taken as 10◦ around M31.
The selected events are binned with 0.1◦×0.1◦ spatial pixels and 30 logarithmic energy bins.
We employ the binned likelihood analysis method to analyze the data with the LAT Scientific
Tools v10r0p5. The instrument response function (IRF) adopted is P8R2 SOURCE V6. For the
diffuse backgrounds we use the Galactic diffuse model gll iem v06.fits and the isotropic
background spectrum iso P8R2 SOURCE V6 v06.txt as recommended by the Fermi-LAT col-
laboration2.
We use the likelihood tool gtlike to perform the analysis. The source model XML file
is generated using the user contributed make3FGLxml.py tool3 based on the 3FGL source
catalog [67]. The spatial template of M31 is also adopted to be the IRIS 100 µm far infrared
image. The spectrum of M31 is modeled as a power-law function. Setting all the source
parameters within the ROI and the normalizations of the two diffuse backgrounds free, we
do the global fit to the data. The Test Statistic4 (TS) value of the IRIS template is 91.5, and
the fitting spectral index is 2.3± 0.1. We also test the point source assumption, and get TS
= 59.9 and Γ = 2.5± 0.1. The spectral index for point source assumption is softer than that
of the extended source assumption, which is consistent with Refs. [42–44].
To check that whether the current model describes the data well or not, we generate the
TS maps of the 5◦× 5◦ region centered on M31. The top-left panel of Figure 2 shows the TS
map without M31 in the model, overlaid with the IRIS 100 µm image contours (green; [66]).
Strong γ-ray emission at the location of M31 can be seen in the TS map. The top-right panel
shows the TS map with the IRIS template in the model. A point-like excess at (00h39m.8,
41◦52′) is seen. We note that the location of this source deviates from that of the satellite
galaxy M110 by about 0◦.22, which suggests a non-M110 origin of it. We then add a new
point source at this position with a power-law spectrum and re-do the fit. The overall − lnL
value decreases by about 8, and the TS value of this new point source is found to be about
16 which has some degeneracy w ith the extended emission of M31. The residual TS map
for such a model is shown by the bottom-left panel of Figure 2. No significant excess can be
seen from this residual TS map.
In Ref. [44] it was claimed that halo-like (or more specifically, bubble-like) excesses
exist in the direction of M31. We test this result in our analysis. We first adopt a 0◦.9 radius
uniform disk [44] centered on M31 as the spatial template, and find that the goodness-of-fit
1http://fermi.gsfc.nasa.gov/ssc/data
2http://fermi.gsfc.nasa.gov/ssc/data/access/lat/BackgroundModels.html
3http://fermi.gsfc.nasa.gov/ssc/data/analysis/user/
4Defined as −2 ln(L/L0), where L (L0) is the likelihood of the model with (without) the target source [68].
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Figure 2. TS maps of 5◦ × 5◦ region centered on M31. Top-left: excluding M31 from the model;
top-right: including IRIS template of M31; bottom-left: including IRIS template and an additional
point source; bottom-right: including a 0◦.9 radius uniform disk template. Overlaid are the IRIS
100 µm contours of M31 (green), a 0◦.9 radius circle (white), and two 0◦.45 radius circles (cyan)
representing the bubbles adopted in Ref. [44]. The TS maps are smoothed with Gaussian kernels
with σ = 0◦.2.
(− lnL) is comparable to that of the IRIS + point case. The residual TS map is also similar
to that of the IRIS + point case, as shown by the bottom-right panel of Figure 2. Then we
test the model with both the IRIS template and the 0◦.9 uniform disk (two 0◦.45 bubbles),
and find a slight change of the overall goodness-of-fit (see Table 2 for a summary of the fitting
results). Due to the limited spatial resolution of the Fermi-LAT data, it is difficult to draw
a definite conclusion about the nature of the residual emission yet. Later we will show that,
such emission would even degenerate with that from some DM annihilation models. However,
as will be discussed in Sec. 4, such emission is less likely to be of DM origin. Therefore we
assume the IRIS + point model as the astrophysical background in the following analysis.
To derive the spectral energy distribution (SED) of M31, we divide the data into eight
energy bins from 200 MeV to 100 GeV, and use gtlike to fit the flux of M31 (the IRIS
component) in each bin. During the fit we fix the spectral parameters of all sources to the
values derived in the global fitting, and leave the normalizations of all point sources within
the ROI, and the normalizations of the diffuse backgrounds free. The results are shown in
Figure 3 (red). Also shown are the SED obtained in Ref. [42] based on two year data (blue).
These two results are consistent with each other within statistical errors. We find that the
data look similar to that from the decay of neutral pions produced by the interaction between
– 6 –
Template − lnL ∆Ndof
IRIS 190463.0 —
IRIS + point 190454.9 4
0◦.9 diska 190456.1 1
IRIS + 0◦.9 diska 190455.7 3
IRIS + two bubblesa 190453.8 3
Note: aThe radius of the disk or bubbles contributes 1 to the number of degree-of-freedom.
Table 2. Comparison of the goodness-of-fit of various spatial templates.
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Figure 3. SED of M31 obtained in this work (red), compared with that reported in Ref. [42]. The
solid line shows the expectation from the pp-collision-induced γ-ray spectrum for a proton spectrum
similar to that of the Milky Way.
cosmic ray protons and gas, as shown by the solid line. Here we parameterize the proton
spectrum as dN/dEk ∝ (1 + Ek/1.6GeV)−2.8, which is similar to that of the Milky Way.
4 Constraints on DM annihilation models
4.1 Prompt radiation only
Now we discuss the potential emission from the annihilation of DM. In this subsection we
consider only the prompt radiation produced directly associated with the DM annihilation.
We add an extended source with spatial distribution proportional to the J-factor as expected
from the DM annihilation and fit to the data. During the fitting we fix the spectral parameters
of all sources in the ROI to the values obtained in the global fitting described in Sec. 3,
and leave the normalizations of these sources and the diffuse backgrounds, as well as the
normalization of the DM component free. The energy spectrum of the DM component is
calculated by Pythia, given the mass of the DM particle and the annihilation channel.
We find that in some cases the DM annihilation component degenerates with the as-
trophysical background emission of M31. In particular, for mχ ∼ 16 GeV and bb¯ annihi-
lation channel, the inclusion of the DM annihilation component from the main halo gives
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Figure 4. TS values of the DM component for four annihilation channels: bb¯ (top-left), W+W−
(top-right), µ+µ− (bottom-left), and τ+τ− (bottom-right).
− lnL = 190446. It corresponds to a TS value of the DM component of ∼ 18 compared with
the null hypothesis (− lnL0 = 190454.9), as shown in Figure 45. In this case the DM compo-
nent also shares a large fraction of the flux of M31, resulting in a very low significance of M31
itself. However, it is unlikely that the data favor a DM component because the inferred cross
section of ∼ 10−25 − 10−24 cm3s−1 (see below Figure 6) is orders of magnitude higher than
the constraints from the Fermi-LAT observations of dwarf spheroidal galaxies [14]. When
DM subhalos are taken into account, the degeneracy is broken and the corresponding TS
value of the DM component decreases significantly, which implies that the morphology of the
γ-ray emission is not traced by the Jtot distribution. Therefore we assume that the excess
emission from the direction of M31 has an astrophysical origin, and place upper limits on the
DM model parameters instead. The degeneracy between the DM signal and the astrophysical
background, however, makes these upper limits be higher, and the corresponding constraints
on the DM cross section be more conservative.
The upper limits for the γ-ray fluxes above 100 MeV from DM annihilation of M31 for
bb¯, W+W−, µ+µ−, and τ+τ− channels are shown in Figure 5. The lower (higher) group
in each panel represents the cases without (with) subhalos. If subhalos are not taken into
account, the derived upper limits differ from each other for different assumed density profiles.
The flatter the density profile, the higher the flux limit. When subhalos are included, we
find that the flux upper limits are quite similar for different profiles of the smooth halo. This
5For W+W−, µ+µ−, and τ+τ− channels the TS values are smaller, because the γ-ray spectra from these
final states are harder and deviate more from the background.
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Figure 5. 95% upper limits of > 100 MeV γ-ray flux of the DM annihilation component, for bb¯
(top-left), W+W− (top-right), µ+µ− (bottom-left), and τ+τ− (bottom-right) channels, respectively.
See the text for details.
is because the contribution from subhalos dominate over the main halo, and we assume the
same subhalo distribution (Eq. (2.6)) in this work. However, since the J-factors will be
different for the three main halo profiles, we will get different constraints on the DM model
parameters (see below).
The 95% upper limits on the DM annihilation cross sections are presented in Figure
6. For comparison we also show the results from the combined analysis of Fermi-LAT ob-
servations of 15 dwarf spheroidal galaxies [14]. It is shown that the constraints for NFW
and EIN profiles are comparable with each other, while for ISO profile they are weaker by
almost an order of magnitude. Including subhalos will improve the limits by a factor of ∼ 10,
although the flux limits are higher. Compared with the results from dwarf galaxies, the con-
straints from M31 will be generally weaker if the subhalos are not considered. If subhalos are
taken into account and the density profile of the main halo is cuspy, our derived constraints
are comparable to (or slightly weaker than) that from the population of dwarf spheroidal
galaxies.
The lepton pair channels µ+µ− and τ+τ− are motivated by the recent observations of
electron/positron excesses [5, 6, 69–71], and non-excess of antiprotons [72, 73]. In the lower
two panels of Figure 6 we show the required parameter regions to fit the electron/positron
excesses measured by PAMELA/Fermi-LAT/AMS-02 [74, 75]. It is shown that for µ+µ−
channel the current limits from M31 can marginally constrain the e+e− excess favored pa-
rameter regions. For DM annihilation into τ+τ−, the model will predict too many γ-ray
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Figure 6. 95% confidence level constraints on DM annihilation cross section for the four annihilation
channels as shown in Figure 5. For comparison, the black dot-dashed line shows the result from the
combined analysis of Fermi-LAT data of 15 dwarf spheroidal galaxies [14].
photons and is in significant conflict with the Fermi-LAT observations of M31.
4.2 Including ICS emission
In the above discussion the ICS contribution from DM annihilation induced e+e− is not
included. Here we discuss the effect of the ICS component. We take NFW profile and µ+µ−
annihilation channel as an example. DM subhalos are not taken into account. A spherical
geometry of the electron propagation in the halo of M31 is assumed. The propagation
equation can be written as
∇ ·
[
D(E, r)∇ dn
dE
]
+
∂
∂E
[
b(E, r)
dn
dE
]
+Q(E, r) = 0, (4.1)
where dn/dE is the equilibrium density distribution of e+e−, D(E, r) is the diffusion coeffi-
cient, b(E, r) = −dE/dt is the absolute energy loss rate, and Q(E, r) is the source injection
rate. We assume a homogeneous diffusion coefficient, D(E) = 3 × 1028(E/GeV)1/3, as that
in the Milky Way. Since here we consider a large halo of M31, we neglect the interstellar
radiation field from stars and dust, and only consider the cosmic microwave background
(CMB) photons to calculate the cooling and ICS emission of the e+e−. The cooling rate is
then b(E) = 2.5 × 10−17(E/GeV)2 GeV s−1.
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Figure 7. 95% confidence level upper limits of the > 100 MeV γ-ray flux (left) and the DM annihi-
lation cross section (right) when the ICS component is taken into account. The annihilation channel
is µ+µ− and the density profile of the main halo is NFW.
The solution of Eq. (4.1) is [7]
dn
dE
=
1
b(E)
∫
∞
E
dE′G(r,∆v)Q(E′, r), (4.2)
where
G(r,∆v) =
1√
4pi∆v
+∞∑
n=−∞
∫ rh
0
dr′
r′
rn
×
[
exp
(
−(r
′ − rn)2
4∆v
)
− exp
(
−(r
′ + rn)
2
4∆v
)]
ρ2(r′)
ρ2(r)
, (4.3)
rh = rvir, rn = (−1)nr + 2nrh, and ∆v(E,E′) =
∫ E′
E deD(e)/b(e). Given the equilibrium
e+e− spectrum, the ICS emission at each location r can be calculated using the Klein-Nishina
differential scattering cross section [76, 77].
For each mass of the DM particle, we calculate the γ-ray (both the ICS and the prompt
radiation) emissivity as a function of photon energy E and radius r, and integrate along
the l.o.s. of given direction θ. A skymap in each energy bin can be obtained. Similar to
the Galactic diffuse γ-ray template, we build a template cube of the DM-induced photon
emission which is embedded in the model for the fitting.
The results are shown in Figure 7. The left panel shows the flux upper limits, and the
right panel shows the constraints on the DM cross section. Formχ . 100 GeV the ICS photon
energies are essentially smaller than 100 MeV and the Fermi-LAT data cannot give effective
constraint. For mχ > 100 GeV the ICS component enters the Fermi-LAT energy region. The
flux upper limits show a remarkable increase for mχ > 100 GeV, possibly because, compared
with the prompt radiation, the spatial distribution of the ICS emission is more extended and
the spectrum is softer, which mimics the background more. Nevertheless, the constraints on
〈σv〉 are stronger than the case with only the prompt radiation, as shown in the right panel
of Figure 7. For mχ &TeV the constraints can improve by a factor of a few to ∼ 10.
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5 Conclusion and discussion
In this work, we analyze 7.5 year Fermi-LAT γ-ray data of M31 to probe the particle DM
annihilation models. We confirm the results in Ref. [44] that there is residual excess from
the vicinity of M31 besides the extended emission from the galactic disk as traced by the
far infrared dust emission. However, the detailed morphology of the residual is not clear
yet, which needs further studies with improved photon statistics and angular resolution.
When adding an additional point source located at ∼ 0◦.9 away from the galaxy center, a
relatively clean residual TS map is obtained. Slight improvements of the fittings are found if
an extended uniform disk or two bubble-like templates are added instead of the point source.
These results may imply that the dust emission template is not good enough to describe the
γ-ray emission from M31. As we learn from the Milky Way, the diffuse γ-ray emission should
be the convolution of the cosmic ray distribution and the gas distribution. Furthermore, the
ICS emission from cosmic ray electrons will also make the γ-ray distribution deviate from
the dust distribution. Finally, a few bright point sources such as pulsars may contribute
effectively to the γ-ray emission of an extragalactic galaxy [78].
Using the far infrared dust template and an additional point source as the background
model of M31, we search for the DM annihilation signals. We find that for mχ ∼ a few
tens of GeV and bb¯ annihilation channel, the DM emission from the main halo (i.e., without
subhalos) degenerates with the galaxy emission significantly. If the DM annihilation from
a smooth NFW/EIN halo is employed to explain the majority of the γ-ray emission, the
required cross section is ∼ 10−25 cm3 s−1, which is well above the exclusion limits from dwarf
galaxy observations [14]. Therefore it is unlikely that DM annihilation dominates the γ-ray
emission of M31.
If the subhalos are taken into account, the degeneracy is broken and more stringent
constraints on the DM parameter space can be derived. For NFW and EIN profiles, the
constraints are stronger by a factor of ∼ 10 than that for ISO profile. The most stringent
constraints (for NFW or EIN profile with subhalos) set by the Fermi-LAT observations of
M31 are comparable to (for leptonic channels) or slightly weaker than (for quark and gauge
boson channels) that of the combined analysis of 6 year observations of 15 dwarf galaxies [14].
The parameter regions to explain the e+e− excesses will be excluded if the DM annihilation
luminosity is enhanced by subhalos.
We also test the effect of including the ICS component from DM annihilation induced
electrons/positrons. For the first time we employ an energy dependent template cube of the
ICS emission in the data analysis to compute the likelihood and upper limits. The resulting
constraints on 〈σv〉 are improved remarkably for mχ & 100 GeV.
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